It is shown that the measurement of a change in a photon frequency in the gravitational redshift experiment is in fact an indirect measurement of a change in the photon local velocity since both frequency and velocity change in this experiment. This means that the local velocity of a photon depends upon its pre-history (whether it has been emitted at the observation point or at a point of different gravitational potential) -a result that contradicts the standard curved-spacetime interpretation of general relativity according to which the local velocity of light is always c. This result, however, does not contradict general relativity itself.
Introduction
As shown by Schild [1] the existence of the gravitational redshift demonstrates that gravitational phenomena cannot be described in the framework of Minkowski geometry. It has been thought that Schild's result provides further evidence in support of the standard curved-spacetime interpretation of general relativity in which spacetime is curved and described by Riemannian geometry [2, p. 187] . In this interpretation the Minkowski geometry being tangent to each spacetime event of the global Riemannian geometry is valid only locally 1 which means that special and general relativity are locally indistinguishable [2, Ch. 16 ]. An important consequence from here is that the local velocity of light is c due to the local validity of special relativity [2, p. 385] . Stated another way, all light signals passing through a given point have the same local velocities (equal to c) since their worldlines, laying in the neighborhood of this point where the Riemannian spacetime coincides with the tangent Minkowski spacetime at that point, are locally straight lines [2, pp. 313, 385] .
The very existence of the gravitational redshift, however, shows that since the frequencies of two light signals -one emitted at the observation point (where both frequencies are measured) and another at a point of different gravitational potential -differ, their local velocities at the observation point also differ. One possible reason why this has not been noticed up to now is that the existing derivations of the redshift effect obtained either through energy considerations [2, p. 187] or by using the proper times (periods) at the source and observation points to calculate the frequencies at those points [4] , [5] do not address the question of whether a change in the frequency of a photon implies a change in its velocity as well. These derivations are carried out in a non-inertial reference frame N supported in a gravitational field. The only derivation of the gravitational redshift that implicitly involves the velocity of light [6] , [7] cannot provide any insight into the question of whether or not the local velocity of light measured in N is independent of light pre-history. The reason is that this derivation is based on a description of how the redshift effect being measured in N looks from the viewpoint of an inertial frame I falling in the gravitational field and therefore involves not the velocity of light in N but the constant light velocity in I. From the standpoint of I the frequency shift measured in N (a measurement in I gives no frequency shift [7] ) is not a gravitational effect since there is no gravitational field in I which can cause the redshift; as viewed from I the photon frequency experiences a Doppler shift and therefore it is the wavelength λ of the photon that changes along with its frequency whereas its velocity (being constant in the inertial frame I) is not affected. For a non-inertial observer at rest in frame N , however, the photon frequency changes not because of the Doppler effect (there is no Doppler effect in N ) but due to the gravitational field in N . In N both the frequency of a photon and its velocity are affected by the gravitational field leaving the photon wavelength unchanged (given the fact that the velocity of light is affected by the gravitational field in N , a change in λ would lead to a wrong value of the frequency redshift). Therefore any discussion concerning whether or not the gravitational redshift tells us something about the nature of the gravitational field (whether it is a spacetime curvature or something else) is relevant only in N where it is actually measured and where the gravitational field is present. 
The calculation of ∆Φ SO gives 
The frequency of the S-photon at the observation point O can now be calculated using its velocity (3) at that point
where f = c/λ is the initial frequency of the S-photon. The initial frequency of an O-photon emitted from an identical atom at O (and measured there) is obviously also f = c/λ. Therefore the frequency of the S-photon measured at O is redshifted with respect to its initial frequency (and with respect to the initial frequency of the O-photon) 6 . The gravitational redshift of the S-photon frequency (4) shows that the frequency of a photon measured at the observation point O depends upon its pre-history: the frequency of the O-photon is f while the frequency of the S-photon (emitted at point S whose gravitational potential is different from that of point O) is f O . As In such a way the gravitational redshift essentially shows that two photons emitted at points of different gravitational potential have different local velocities at the same observation point in contradiction with the standard curved-spacetime interpretation of general relativity which requires that the local velocity of light be c (i.e. be independent of light pre-history). Therefore the gravitational redshift demonstrates that gravitational phenomena cannot be adequately described not only by the Minkowski geometry but by the Riemannian geometry either if it is regarded as representing a curved spacetime. This situation calls for another interpretation of the mathematical formalism of general relativity. The possibility of such an alternative interpretation of the Riemann tensor not in terms of spacetime curvature but in terms of spacetime anisotropy has always existed since the creation of general relativity but received no attention. In this interpretation the Riemannian geometry describes not a curved but an anisotropic spacetime thus linking gravitation and the anisotropy of spacetime [11] . It is a straightforward consequence of the anisotropic-spacetime interpretation of general relativity that the velocity of light at a point not coinciding with the point from where the light has been emitted is not c -once a photon is emitted with velocity c in an anisotropic region of spacetime it is immediately subjected to the spacetime anisotropy and its velocity changes; it will be different from c even if it is measured at a point in an isotropic region of spacetime.
Additional arguments demonstrating that the local velocity of light is not always c
There are two ways to show that the local velocity of a photon in the gravitational frequency shift experiment depends on the difference of the gravitational potentials of the source and observation points: 
where
is the S-photon's velocity at point O.
The arguments why the wavelength does not change in the gravitational blueshift experiment as described in a non-inertial frame N at rest on the Earth's surface are:
(i) As noted in Section 2 the source and observation points are stationary in N and therefore the S-photon's wavelength at O does not suffer a Doppler change.
(ii) The S-photon's wavelength at O does not change due to the change in the spacetime curvature from S to O (i.e. due to the change in the metric); if the wavelength were changing along with the change in the metric, at O it would be greater (not smaller) than the initial wavelength. The ratio of the proper lengths in the vertical direction at O and S is [10] , [4, p. 105] :
which means that the wavelength λ O of the S-photon at O would be greater than its initial wavelength λ S = λ at S
It is a valid question, however, why the S-photon's wavelength does not follow the change in the metric from S to O.
(iii) If the S-photon is regarded as a particle it follows that in addition to moving downwards with velocity c it falls 7 in the Earth's gravitational field and its velocity increases (causing the increase of its frequency). Therefore the S-photon regarded as a wave also falls -the wave as a whole is falling and the spacing between its wavefronts does not change; that is, the wavelength of the S-photon does not change. The fact that the S-photon is falling explains why its wavelength does not change with the change in the metric from S to O. The change in the metric only causes the fall of the S-photon; the S-photon itself, however, does not feel any metric change (the change in the metric cannot cause both the fall of the photon and a change in its wavelength). The S-photon can be thought as propagating at speed c in an inertial (falling) frame where there is no change in the metric. This can be illustrated in the following way. Consider two rods of the same coordinate length 8 dx at rest at S and O (placed along the line SO, i.e. along the acceleration g). Their proper lengths at S and O are [10] , [4, p. 105] :
and
where R O and R S are the distances from the Earth's center to the points O and S, respectively; G is the gravitational constant and M is the Earth's mass (Eq. (7) follows from (9) and (10)). As seen from (9) and (10) the rods' length is affected by the metric. If, however, the S-rod is dropped from point S its length becomes equal to dx and is no longer affected by the change in the metric from S to O which only causes its fall; the S-rod can be regarded as being at rest in an inertial (falling) reference frame I having the length dx in I. Precisely for the same reason the wavelength of the falling S-photon does not change at O. It is not possible to argue that in the process of measurement the S-photon is not falling any more and therefore its local velocity at O is c and its wavelength is affected by the metric -if this were the case the S-photon's wavelength λ O at O, according to (8) , would be greater than its initial wavelength λ S = λ in contradiction with the gravitational frequency shift experiment (requiring a shorter wavelength if the local velocity of the S-photon at O were c).
The above arguments demonstrate that the wavelength of the S-photon at O does not change which means that it is the local velocity of the S-photon at the observation point O that changes along with the change of its frequency at that point. An argument directly showing that the local velocity of the S-photon is not c at O is the following. One may argue that the velocity of the S-photon at O is really greater than c as given by (6) but this is relative to an observer at the source point S. If we assume that for the O-observer the local velocity of the S-photon at O is c, then from his viewpoint the initial velocity of the S-photon (at S) must be
The downward velocity of the S-photon at S with respect to the O-observer should be given by (11) (if the S-photon's velocity at O were c) for two reasons: (i) The gravitational potential of point S with respect to 7 The deflection of light in a gravitational field demonstrates that light falls in a gravitational field. 8 Coordinate length is the length measured in the absence of a gravitational field -when the gravitational potential is zero.
O is gh and according to the original interpretation of (1) by Einstein [6] (11) follows from (1). (ii) In order to explain the bending of a horizontal light ray in an experiment involving an Einstein elevator of height 2h at rest in the Earth's gravitational field [9] , [11] , [12] the O-observer concludes that the average velocity of a vertical light ray propagating toward the elevator's floor is greater than c and for the S-photon (in our case) is equal to c 1 + gh/2c 2 . As the O-observer assumes that the local velocity of the S-photon at O is c the downward average velocity of the S-photon can be greater than c only if the local (instantaneous) velocity of the S-photon at S with respect to the O-observer is given by (11) . In such a case, however, for the O-observer the velocity of the falling S-photon will be decreasing from c 1 + gh/c 2 at S to c at O which contradicts the fact that according to the O-observer the S-photon falls too and therefore its velocity is increasing with respect to the O-observer as well. This contradiction is one more demonstration that the local velocity of the S-photon at O is not c.
Conclusions
It has been overlooked that in the gravitational redshift experiment the measurement of a change in the frequency of a photon is an indirect measurement of a change in its local velocity at the observation point.
Thus the gravitational redshift contradicts the standard curved-spacetime interpretation of general relativity which requires that the local velocity of light be always c. This result does not contradict general relativity itself but demonstrates that spacetime as described by it is anisotropic, not curved. Therefore the existence of the gravitational redshift is a clear indication that special and general relativity should be distinguished not in terms of flat and curved spacetimes but rather in terms of isotropic and anisotropic spacetimes.
